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SUMMARY 


This report is a compilation of data 
published between 1950 and 1957 0n the 
compatibility of polymeric materials with 
explosives and propellants, Its contents, 
which supplement those of Picatinny 
Arsenal Technical Report 1438 by O. R. 
Abolafia, are arranged to facilitate the 
addition of new material based on the 
chemical composition and structure of 
the polymers, and also to make easicr 
the comparison of the polymers in terms 
of their behavior in contact with partic 
ular explosives and propellants, The 
goal of this work is to provide an 
authoritative and up-to-date handbook 
which will be useful to design engineers 
and chemists in selecting polymeric 
materials for applications involving pro- 
longed contact with explosives and 
propellants, 


A section is included for each of the 
following classes of polymers: acrylates, 
cellulosics, epoxies, ethylenes and 
fluorocarbons, furanes, polyamides 
(nylons), phenolics, polyesters, silicones, 
styrenc polymers and copolymers, 
synthetic rubbers and rubber derivatives, 
vinyl polymers and copolymers, and 
miscellaneous resins. 


Each section contains a brief descrip- 
tion and evaluation, followed by relevant 
tables and figures. For propellants and 
explosives, results of vacuumestability 
tests and 100°C heat tests are given. 
The effects of contact on the polymers 
are reported chiefly in terms of the results 
of physical and mechanical properties 
tests, 


DISCUSSION 


1, Ordnance personnel frequently have 
the problem of using polymers in contact 
with explosives, Usually, design or 
other criteria limit the selection of the 
polymer, quite aside from the com- 
patibility aspect, If neither the explosive 
or polymer adversely affects the other, 
the compatibility aspect presents no 
problem, Occasionally, however, a 
polymer does seriously and adversely 
affect an explosive, Such a finding’ is 
usually considered sufficient justification 
for rejecting the polymer for use in 
direct contact with the explosive, 


2. At this point, it may be well to 
explain what is meant by the word 
“compatibility” as it is used in this 
report.! When a polymer’ is in direct 
contact with an explosive! the polymer 
may under certain conditions affect one 
or more of the properties of the explo- 
sive, Conversely, an explosive may 
affect the properties of a polymer, If 
neither the explosive nor the polymer is 
adversely affected by direct contact, 
then the explosive:pol ymer combination 
is considered compatible, 


‘Compatibillty as defined by the polymer 
induatey hae to do with the mutual solubility or , 
the mutual coexistence of materiale as evidenced 
by the clarity, stability, and homogeneity of 
solutions without phase separation, 


“The term polymer, os used in this report, 
refers to plastica, elantomers, tubberas, adhesives, 
coatings, potting of encapsulating resins, and 
all compositions containing a polymeric com 
ponent of significant proportions, 


"The term explonive includes propellants, 
pyrotechnics, fuze powders, black powder, and 
all other nominert components of ammunition 
itema, 
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3, The vacuum-stabilicy test, the heat 
test, the impact-sensitivity test, and 
the Taliani test are the most common 
means of determining the effect of a 
polymer on an explosive, 


4. The vacuum-stability test, which 
is more frequently used than any other, 
is an accelerated test designed to 
determine whether ar not contact with 
a polymer increases the reactivity of 
an explosive. Details regarding vacuum- 
stability and other tests are given in 
the description of tests methods, In 
the usual vacuunestability test, a net 
increase of § milliliters in the amount 
of gas piven off by the explosive is 
considered evidence of excessive 
reactivity. The increase is attributed 
to undesirable interactions between the 
explosive and the polymer or undesirable 
reactions induced by the polymer. 
Ideally, the validity of the 5°ml criterion 
should be established for each pol ymer- 
explosive combination, This has already 
been done for many polympr-explosive 
combinations, and the results have been 
reported (Sce PATR 1636, 9 December 
1946). 


5, When the vacuumestability test ts 
used, a variation in the ratio of the 
surface area to the volume of the 
polymer/explosive mixture, a change in 
the ratio of explosive to polymer, or the 
presence inthe polymer of small amounts 
of unreacted catalyst can produce con- 
fusing and seemingly conflicting results. 


6. The heat test is conducted to 
quickly obtain data indicating deterioration. 


"The heat test is used instead of the 


vacuumsstabilizy test when the effect of 
polymers onthe stability of highly 
sensitive explosives is to be determined, 
A reported 5% loss in weight during two 
4&-hour periods or an explosion within 
100 hours is considered indicative of 
excessive deterioration, and the mate: 
tials are deemed incompatible. 


7. When it has been determined that 
the polymer does not affect the explosive, 
one or more tests to determine the 
etfect of the explosive on the polymer 
may be run. In these tests, specimens 
of the polymer are usually immersed in 
the explosive and stored at elevated 
temperatures. The properties of test 
specimens-are determined as a function 
of time in the explosive and compared 
with the properties of control specimens 
stored apart fromthe explosive. Time 
periods of from several weeks to several 
months are usually required. The effects 
most often measured are: visual changes 
and changes in weight, hardness, 
tensile strength, and clongation. Lnd- 
item requirements determine which 
properties are of greatest importance in 
each Ordnance application. Accordingly, 
the significance of all changes in che 
properties of the polymer must be interes 
preted in terms of the particular applis 
cation under consideration, ; 


8. Fortunately, many endeitem appli- 
cations do not require contact between 
the polymer and the explosive, For such 
applications, these tests are usually 
neither required nor relevant except for 
the possibility of accidental contact. 


, 

IS coats 

i tt 9. It should be emphasized that this Heat Test 

a report was prepared by compiling avail- 

" able data, This data was obtained over 11. A 0,6-gram sample of explosive 
a) apeciod of several years by numerous : und a Q.Gegram sample af polymer are 

i investigators in connection with many heated for two 48-hour periods at 100°C, 

s specific requests for detailed information both-alone and in a mixture. It is noted 

™ regarding the compatibility of polymer: whether the occurrence of an explosion 

explosive combinations, The author is during 100 hours of such heating is te 

: aware that, in some instances, isolated recorded,' renee . 

: peitions of the data appear to be in ONG 
.. disagreement with che conclusions. Impact-Sensitivity Test os Ry 
oy Nevertheless, the author strongly feels a 

vs that her conclusions are correct and 12. A small sample of explosive is as 

proper, and should prove of considerable subjected to the action of a falling 

» benefit to technical personnel who do not weight, usually 2 kp, and the minimum . 
a have a detailed familiarity with this height at which at least one out of ten - 

rs specialized field. trials results in a detonation or in some nt 

i other evidence of explosive decompo- I 

7 TEST METHODS sition’ is taken as the test value. i 
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} Vacuum-Stability Test DEFINITIONS OF TERMS & 
n ea iy 13. The following special terms are \: 
! E 10. Stability tests generally measure : F 8 sp 
‘ ; ; used in this report: : 
a the resistance of explosives to decom- . 
of position by heat. The vacuum-stability Tensile Strength 
4 , . 
4 test measures the loss in weight or the The traximew tensile load ner wait 
‘ Nee of gas seas ae sepa area of original cross-section, within the 
.” ized heating period ee ae pa 5 gage boundaries, required to. break a test 
+0,05-gram portion ee ul ecaiice specimen, (The maximum tensile load is . 
i thoroughly mixed with a a 0.05-gram the greatest tensile load sustained by we ae 
i pore of the polymer, and the mixture the specimen during the test, It may or a 
s is subjected to the vacuunr stability test hee : ; a 
<! ao may not coincide with the tensile load UN 
. according to standard conditions and pro- : as 
., : (Aone ie waed at the moment of rupture.) It is expressed ie 
: cedures : 2 is use ; ; 
cedures.? A penperature 0 10 inpoubds per equate inch ne 
‘ for all tests with high explosives. Le 
te. FQ, Sheffield, Properties of Explosives of ~ " 
Ne! a : Milttary Interest, Picatinny Arsenal Technical o 
\ 's, Axelrod, Effects Produced Upon Explosives Report 1740, Revision t, April 1958. 
.! by Contact with Plastics, Report No. by Picationy i ‘i i rane 
my Araenal Technical Report 1636, 9 December 1946 L. C. Smith and E. A. Eyster, Physical *) 
ie Testing of Esplosives, Part Ul, Miscellaneous lan we 
2yv, HH. Rinkenbach and A, J. Clear, Standard Sensitivity Tests, Performance Tests, OSRD AST ona 
aj Laboratory Procedures jor Sensitivity, pea Report No. 5746, 27 December 1945 Was, 
{ and Stability of Explosives, Picationy Arsena ‘ 
ms Technical Report 1401, +18 March 1944, pp 9-10 ASTM Standards, Part 6) 1955 ps 217 
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The ratio, within the elastic limit 
of a material, of stress to corresponding 
strain, 


plastics (unmodified polystyrene is an 
exception) lose strength and deteriorate 
when placed if contact with propellants 
containing nitroglycerine, The rate of 


} 
4 is wii _ 
( ao < +N 
n “we Ratt 
sg Tensile Stress (True) CONCLUSIONS Paty: 
ne 
| The tensile load per unit of minimum 14. The degree tn which a polymer a ; 
. cross-sectional area within the gage affects the stability of an explosive cc wend 
S boundaries carried by tne test specimen varies with the exact composition of the fe ae 
a at any given moment. h is expressed explosive and the polymer. In general, a ee , 
ms in pounds pe: square inch. polymerthat hasan adverse effect onone fe Ma Va 
J explosive is likely to have an adverse 
r.. Strain effect on others, 
x,’ 
& The ratio of the extension to the 15. The effect of an explosive on a 
y original length of the measured clongation polymer is usually qualitatively pres a 
section of the test specimen, that is, dictable if the composition and structure pee 
oF the change in length per unit original of the polymer and the chemistry of the : 
a length, It is expressed as a dimension- explosive are known. A principal cause Oe 
r less ratio, of the mechanical deterioration cf Maas 
2 pelymers is the migration of ‘nitroglycerine Ponte 
i Percentage Elongation from double or triple-base propellants ere oF , 
re into the polymeric material, which lowers Niet ms 
: The increase in length expressed its strength and its modulus. In general, mos 
mA as a percentage of the original gage polymers that are degraded by over rat! > 
p length. plasticization caused by nitrop!vcerine 
in migration begin to show signs cf deter: 
rs, Proportional Limit ioration between the second and fourth 
wecks of storage, 
w The greatest siress which a mate- a 
e rial is capable of developing without a 16. Important general conclusions are x 
. deviation from the law of proportionality given below. More detailed conclusions I 
Pe of stress to strain (Hooke’s Law). ue Contained in the discussions of the “ot 
of various types of polymer. ae 
‘; Yield Point sie 
ie a. Most explosive-polymer conr wn 
st The stress level at which a marked binations are compatible, Important eee 
of increase in strain occurs without a general exceptions are described in the 
. corresponding increase in stress. following paragraphs, 
bY 
y Elastic Modulus b. Most of the amorphous thermo- 
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y deterioration is dependent on the pro- 
iN 
i pellant, the polymer, and the test con+ 
. ditions. Highly crosslinked, or thermoset, 
; and crystalline polymers are resistant 
. to deterioration by propellants containing 
' nitroglycerine. 
c, Epoxies cured with aliphatic 
" 
. amines cause excessive reactivity of 
‘ most explosives. Epoxies cured with 
: polyamides cause excessive reactivity 
é : of a few explosives, Such polyamides 
| by themselves also cause excessive 
: reactivity of some explosives. 
: 
” d. Polysulfide (Thiokol) polymers 
* increase the reactivity of some explo- 
i sives and propellants, Polysulfides 
should definitely not be used in direct 
, contact with PETN, Pentolite, Compo- 
f sition B, Amatol, or Tetrytol. 
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e. Rubber- modified phenolics cause 
greater reactivity of explosives than 
other phenolic compositions but such 
reactivity is not necessarily excessive, 


f. Many explosives cause vul- 
canization of unsaturated rubbers. The 
amount of vulcanization increases with 
the unsaturation of the rubber polymer. 
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ye TABLE 1 " 


Coniposition of Propellants® 
(percent by weight) 


Mel M:7 
Nitrocellulose (13.15% N) 45,00% Nitrocellulose (13.15% N) 54.C0% 
Dinitrotoluene 10.00 Nitroglycerine 35.50 = 
Dibutyl phthalate $.00 Fthyl centralice 0.90 Ses, 
Ash 0,40 Hotassium perchlorate 7.80 nite uid 
Carbon black (dry) 1.20 peat 
Total volatiles ' 0.80% dry Bene 
‘ “es 
Me2 M8 : ye ey i 
Nitrocellulose (13.15% N) 77.45% Nitrocellulose (13.25% N) 52.15% ees 
Niteoglycerine 19,5 Nitroglycerine 42.27 neta 
Ethyl centralice 0.6 Diethyl phthalate 5.04 my 
Ciraphite 0.3 Potassium nitrate ’ 1.09 wares 
Potassium nitrate 0.75 Diphenylamine 0.67 Snes, 
Barium nitrate 1.4 Methyl cellulose : 0.16 bed 
Moisture 0.7 Moisture 0.09 Aiko ‘ 
Ash 0.4 meee 
M-6 oe os M-9 wet 
whee 
Nitrocellulose 87.0 % Nitrocellulose (13.25% N) 57.78% ea ia 
Dinitrotoluene 10.0 Nitroglycerine 40.00 ‘te a 
Diburyl phthalae 3,0 Potassium nitrate 15 a 
Diphenylamine 1.0 Ethyl centralite 0.75 
Moisture 0.6 \ 
Ash 0.4 
*Single-Bose Double- Base Triple-Base Composite 
Me | M-2 M17 M15 Told 
M-G M7 M18 7-7 T-17 
M= 10 MR T=? T+21 (Now M-20) 
M-12 M9 T-6 T 22 
M14 MIG T-g 
T7160 MRP 
T-18 UGK N 
T19 O10 ° ~2 
T-28 re tak 
Peat | 
JPN eee 
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ae 
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te 
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a Seen ) 4" ages .* us tee fens 
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: 2Q Section | 

ACRYLATES 

P (Thermoplastic resins Including polymethy! methacrylate) 
i ; 
‘ A survey of available data on the compatibility of acrylace-type polymers 
“ with explosives and propellants indicates that: 

at \ 

. 1. Acrylates do not affect the reactivity of explosives and propellants. 
: 2. Explosives have no apparent affect upon the physical appearance 
Ke of acrylates. 


3, The behavior of acrylates in direce contact with doubles and triple= 
base propellants is not altogether satisfactory. Contact with double-base 
a propellants containing 20% and more nitroglycerine results in excessive 
nitroglycerine absorption with consequent plasticization of the plastic. 
Other plasticizers and vehicles for propellants, such as triacetin and 


’ dibutyl phthalate, may also be absorbed by the acrylate. 
4, The M-9 propellant, when used in the vacuum- stability test with 
Ps. Actyloid B-72(Table 2, p 10), liberates 7.72 ml of gas by itself and is 
‘S therefore considered to be excessively reactive, Under these conditions, 
* interpreting a net evolution of 5.06 ml as excessive may not be valid. 
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Section 2 
CELLULOSICS 


Included under the general heading of cellulosies are the cellulose ni- 
trates, cellulose acetates, cellulose acetate butyrates, cellulose pro- 
pionates, ethyl celluloses, carboxymethyl celluloses, hydroxyethyl cellu: 
loses, and regenerated cellulose. 


‘A review of Tables § through 24 (pp 19 through 58) indicates that; 


1. Cellulosics in general do not affect the reactivity of explosives 
and propellants. 


2. Cellulose polymers in general are extensively weakened by pro- 
longed contact with propellants containing nitroglycerine. Some propel- 
lants such as M~2 affect the cellulosics much less than others, Varia- 


tions inthe plastics affect the rate and degree of attack by the propel- 
lants, 


Tables 25 through 27 (pp 59 through 60) contain information on the coms 
positions of the cellulose acetate, ethyl cellulose, and cellulose acetate 
butyrare materials tested, Table 1 (p 6 ) gives compositions of the pro- 

“ pellants used, 
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TABLE 25 


Cellulose Acetate (Tenite |) Formulations* 


Designation Color , Composition, pbw 
632X59-H~MS Pink E-400-25 100 parts 
DEP 1 30 
DMP 10 
TPP 20 
OSX Addy Real N-394-30 100 
LMP 10. 
* DEP + 2443 
632X59-B-H2 Colorlens Bm d00—25 100 
DMP 10.8 
DEP 24.3 
632X59~C-MS Amber E-394-30 100 
DMP 144 
DEP 33,7 
' 
632X39=D=MS "Green E-400~25 100 
DMP 1464 
DEP 33,7 
632X59—FH Orange Pink Ei 400-25 100 
DEP 22.8 
DMP 76 
TPP 15,2 
632X59~G~MS Dark Amber E~394-30 100 
DEP 30 
DMP 10 
TPP 20 
632X59-E=M Blie E-394-30 4 100 
DEP 22.8 
DMP 7.6 
TPP 15.2 


erences 


All formulations were obtained from Eastman Kodak Company. 
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TABLE 26 
: Ethyl Cellulose (Hercocel E) Compositions 
Designation Color Composition, pbhw 
E.C, 1048-92—4 Clear lithyl cellulose K=70 80 parts 
Dow 276V2 14 
; Tricresyl phosphate 6 
Diamy] phenol 2 
’ E.C, 1048--92=3 Ethyl cellulose K-70 90 
: Dow 274V2 7 
: Tricresy] phosphate 4 
Diamyl phenol 2 
E.G, 10489262 Ethyl cellulose K~70 80 
Dow 276V2 14 
Tripheny! phosphate 6 
Diamy|] phenol 2 
4 -E.C, 1048=92=1 Ethyl! cellulose K-70 » 
q Dow 276V2 7 
‘ Triphenyl phosphate 3 
Diamy! phenol 2 
B.C. 1048-92-5 ' Ethyl cellujose K-70 84 
rn Dow P=1099 8 
\ Mineral oil 8 
' Diamyl phenol 2 
L} 
4 
, TABLE 27 
-_ Cellulose Acetate Butyrate (Tenite Il) Compositions* 
‘ 
i 
p Designation : Composition, phw 
: : TIE. 64621—1 (Compound A) Cellulose ucetute butyrate 100 parts 
Dibutyl sebacate 5 
: T.E. 64622—1 (Compound B) Cellulose acetate butyrate 100 
‘ Dibutyl sebacate 14.5 
T.E. 64623—1 (Compound C) Cellulose acetate butyrace 100 
Tripheny] phosphate 6 
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"All of the compositions listed have identical acetyl, butyl, and hydroxy contents, 
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Section 3 


EPOXY RESINS 


One useful property of epoxy resins is the ability to transform readily 
from the liquid state to tough, hard thermoset materials with low shrinkage. 
This hardening is accomplished by the addition of a chemivally active 
reagent known as a curing agent (also, a hardener, activator, or catalyst). 
Some curing agents promote cure by catalytic action, others participate 
directly in the reaction and become a part of the final polymer. Depending 
upon the particular curing agent used, cure of the epory resin may require 
external application of heat. The principal types of curing agents are 
primary and secondary amines, acid anhydrides, dibasic acids, and resins, 
the last category including phenol-formaldehyde, urea-formaldehyde, the 
polyamides, and melamine-formaldehyde., 

A survey of available data on the compatibility of epoxy resins with 
explosives und propellants reveals the following information; 


1. The reactivity of explosives caused by contact with epoxy resins 


is dependent upon the hardener or curing agent utilized for cure. 
r 


2. Epoxy resins cured with aliphatic amines cause a majority of 
explosives and propellants to be excessively reactive. 


3. Explosives and propellants when stored in direct contact with epoxy’ 


resins, that were cured with acid anhydrides, alkaline or phenolic resins, 
exhibit lite’ or no reactivity. 


4. Epoxy resins cured with polyamides, such as Versamide, cause 
some explosives to be excessively reactive. 
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Comirercial Designation 


C+ 148 

A (fast reacting) 
Diapi 

HN951 
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Cl 
HN*901 
u (slow reacting} 
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TABLE 32 


Curing Agents 


a 


Chemical Compound 
Diethylene triamine 
Diethylene propylan.ne 
Diethylamino propylamine 
Triethylene tetraamine 


Tri (2-ethy! hexoje acid) salt of tridimethylamino 
methyl phenol 


Metaphenylene diamine 
Phthalie anhydride 
2,ediamine pyridine 


Aromatic amine mixture 
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| ETHYLENES AND FLUOROCAR SONS 

XY Included in this section are the polyethylenes, fluorocarbons (Teflon 
Me and Kel-F), and chlorosulfonated polyethylene (Hypalon), Because of their 

chemical inertness, these materials are not affected by contact with exe 
plosives and propellants. 

a Explosives and propellants show little or no reactivity in the presence of 
b these polymers, according to the results of vacuumestability tests, 
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4 

a _ FURANES 

“" 

iH There are many types of furane resins, including partially polymerized 

ul furfuryl alcohol and furfuryl alcohol reacted with furtural, formaldehyde, 

“ :gtones, phenols, and ureas. : 
This section deals with the resins produced by che reaction of fuifuryl 

r: alcohol with furfural, 

* ; 


‘ 
Observation of available data indicates that: 


1. Double-base propellants in contact with furanes cured with ZLA 


a catalyst show excessive reactivity, 
4) 
y ' 
i. 2. HMX shows mild reactivity in the presence of furanes when cured 
with PC and is excessively reactive when cured with CN catalyst, 
! 3, Furanes show little or no deterioration of physical properties in 
q the presence of explosives or propellants, 
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We) Section 6 

| POLY AMIDES 


The nylon polyamide resins evaluated had little or no appréciable effect 
on the explosivesand propellants. Conversely, the nylon palyamides appeared 
to be essentially unaffected by the explosives and propellants used in the 
evaluations, 


1 
o 
Pick 


Certain low-molecular-weight polyamides, such as the Versamids, were 
found to cause excessive reactivity of some explosives when used by theme 
selves, These polyumidesare essentially the reaction products of ansature 
ated fatty acids and aryl or alkyl polyamines, Such low-inoleculars weight 
polyamides are usually not used by themselves in Ordnance application but Peasy 
are often used as hardeners for cpoxy resins. The behavior of polyamides wea 
epoxy mixtures is reported in the section dealing with epoxies, 
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: th Section 7 
"e PHENOLICS 

‘ ‘ e 
The chemistry of phenol-formaldchydes and related polymers is complex, 
‘ These polymers are the basis for many important plastics, adhesives, and 
‘y coating materials. It is outside the intent of this report to discuss these 


materials except in terms of properties which ure related to compatibility, 


On the basis of available data, the following conclusions were reached; 


ff ESA: 


od 


1, Properly cured unmodified phenolic molding materials do noe adversely 
affect che reactivity of explosives and propellants. 


2, Phenolic molding material's are substantially unaffected by explo- 
sives and propellants. 


ae a 


ye: 


3, Rubber-modified phenolics in general produce greater reactivity 
than unmodified phenolics, It is recommended that rubberemodified phenolics 
be further investigated before they are used with explosives in Ordnance 
applications, 
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x - Section 8 
“a POLYESTERS AND ALKYDS 
i In the commercial or plastics ficld, the term polyester generally refers 
oe to an unsaturated polyester base resin dissolved in a polymerizable monomer. 
For practical purposes, an oil-modified polyester is usually referred to as 
‘ alkyd or alkyd-coating resin. Polyesters prepared from saturated compounds 
“" are Called saturated polyesters. 
4 
‘ A survey of relevant data discloses the following salient points about 
polyester compatibility: 
AN 
, 1, Polyester plastics do not in general affect seriously the reactivity 
2 of a variety of explosives and propellants, 
yd 
¥ 2. Unsaturated rigid polyesters generally gain less than 10% in weight 
« 


* when stored in contact with explosives or propellants containing nittor 
glycerine or TNT. 


3, Unsaturated flexible polyesters gain weight continuously when in 


direct contact with explosives or propellants containing nitroglycerine or 
4 TNT. 


fw 4, Unsaturated flexible polyesters are more susceptible than unsaturated 
a rigid polyesters to attack by explosives aud propellants containing nitro- 
By glycerine or TNT. \ 
8 
5. Saturated polyesters do not significantly affect the reactivity of ex- 
ms plosives and propellants. 
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Section 9 


SILICONES 


The term silicone is generic for polymers which have a molecular 


skeleton of silicon-oxygen linkages and several ‘organic g.oups completing 
the molecule, Structurally, organopoly-siloxanes may be liaear or cross- 
linked, Depending on the structure, a silicone may be a fluid, va elastomer, 


or a thermoset resin, : 


The elastomeric silicones (silicone rubbers) are cross-referenced in the 


Rubbers and Rubber Derivatives Section of this report. 


The data that follows indicates that, in general, the silicone polymers 


are compatible with explosives and propellants, 
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Tempercture,. 
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Storage, 
weeks 
2 


“Appearance of Silicones After Storage 


Explosive 
Tetrytol 65/35 


Palymeric Material 
Pan glaze 
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Ky Section 10 


*POLYSTYRENES AND COPOLYMERS 


Modified polystyrenes and straight polystyrenes have little or no effect 
on explosives and propellants, 


Straight polystyrenes are unaffected by contact with explosives and 
propellants, 


Modified polystyrenes show much greater susceptibility than straight 
polystyrenes to attack by explosives and propellants that contain nitro 
glycerine or TNT. 


Since butadiene/styrene copolymers are elastomeric materials, they are 
discussed in the section on Rubbers and Synthetic Rubbers, 
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ah Section 11 
SYNTHETIC RUBBERS AND RUBBER DERIVATIVES 


Most of these materials, also known as unsaturated elastomers, soften 
and swell when in contact with nitroglycerine-containing propellants, The 
softening and swelling are more severe when the propellants contain a high 
proportion of nitroglycerine or plasticizers. Silicone rubbers appear to b@ 
the least affected by such propellants. 


When in contact with TNT, most elastomers become brittle and stiff. [¢ 


appears that there is less tendency to become brittle as the unsaturation 
decreases, 


Butadlene/Aecrylonitrile 


Copolymers of butadiene/acrylonitrile (Nitrile rubber, GR-A, Buna N) 
usually contain from 15% to 55% acrylonitrile by weight. They possess high 
resistance to the swelling action of oils and greases. They have excellent 
resistance to degradation from heat, aging, and sunlight. 
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Contact with butadiene/acrylonitrile rubbers imparts slight reactivity to 
tetryl, Composition B, and RDX, Generally, explosives in contact with this 
type of polymer donot exhibit excessive reactivity. 
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Sam 
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Butadiene/actylonitrile polymers rcadily absorb nitroglycerine from pro- 
pellants, The absorption appears to be related to the nitroglycerine content 
of the propellant. 


Butadiene/Styrene 


OP 


i ¢ 


: aot 
a4 The most common of all the butadiene/styrene (GR-S) copolymers is the ae 
75/28% by weight butadiene/styrene. Site 


Ps 


Butadiene/ styrene polymers have no adverse effect upon the reactivity 


2. 


Nye 
‘s of explosives or propellants, They soften and swell when in contact with tee 
y 7 ’ ' . , J ed 
m propellants containing nitroglycerine and become brittle in the presence pease 
| a 4 ’ iJ 
¥ of explosives containing TNT. ww 
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Butyl Rubber 
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Butyl rubbers are copolymers of isobutylene made vulcanizable by the 
addition of a small amount of a diolefin. Commercial butyl rubbers are usually 
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: x copolymers of isobutylene with isoprene. The limited unsaturation of butyl 

rubber offers fewer sites for crosslinking than are available in natural rubber 
and in some of the other clastomerts. This low unsaturation leads to out- 
standing chemical inertness*and a high degree of impermeabilfty to gases, 
Explosives and propellants do not significantly aftect butyl elastomers, and 
butyl rubbers are not adversely affected by explosives and propellants, 


Neoprene (2-Chloro-1, 3-Butadlene) 


- Explosives show little or no reactivity when placed in contact with neo- 
B prene, but JPN and MRP propellants show some activity in the presence of 

’ neoprene. 

4 


Polysulfide Rubber 
Polysultide rubbers or compositions containing a high percentage of 
4 polysulfide polymers should not be used in conedcte with PETN, Pentolite, 
tetryl, or Composition B, The propellants tested showed little or no re 
activity in che presence of polysulfides. 


ie Polysulfide rubbers absorb some nitroglycerine from double- and triple: 
t base propellants. 
*y e 


Silicone Rubbers 
; " ‘ . 7 a ore - eae 
* The outstanding characteristics of silicone rubbers are stability at 
nt elevated temperatures; fleaibilicy at low temperatures; and resistance to 


ozone, water, oil, and chemicals, 


The silicone rubbers are unaffected by the presence of explosives and 


y propellants, and propellants and explosives ace not activated by them, 
- These results are probably dueto their saturated nature, 
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ae TABLE 66 
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Vacuum Stability of Explosives Stored Alone 
(al. gas evolved) 


a 

H Initial 6 Me Storage 12 Mo Sterage 18 Mo Storage 24 Me Storage 

Amatol 60/40 1,42 0.89 0,46 0.30 ~ 
Black pwd A-$ (0,35 0.41 1,09 ut ut 
Cyclonite 0.35 0.23 0.18 O16" wz” 

q : Double base ey 

propellant 11.68 12,22 10,32 10,18 9.04 

Ednatol 55/45 0,84 0.66 0.78 0.72 1,08 

f Explosive D 0,33 0.14 « 0.26 0.26 0.26 
Haleite 0,65 0.30 0.50 0,38 4 0,63 

" PEP-3 0,23 - 0.48 0.69 an . 

| PETN 0,52 0,42 0.38, 0.32 0.40 bs 
Pentolite 50/50 1,84 2.65 2.48 2.05 1.92 

A Pleratal $2/48 = 0.46 0.26 0.27 ° 0.17 0.18 
RDX=Comp, Ae3 0,40 0.11 0.23 0.15 0.19 
RNX-Comp B 0.33 0.12 0,09 "0,10 0.11 

4 RDX+Comp. Ce} (0.99 1.62 1,45 146 1,34 

4 Single base 

: propellant 0.17 0.13 0.17 0.14 0.30 

‘ # T:9 (CP=492) 0.19 2.19 2.59 1.60 3.09 

: TNT 0.18 0.04 0,03 O08 0.04 
Tetryl 0.35 0.11 0,18 0.37 0.23 

; Tetrytol 79/25) 4,775 4.29 3,60 3.28 ; 3.63 

‘ Torpar 0.22 0.04 0,08 0.13 0.13 
Tritonal 75/25 0,12 0.09 0.11 0,09 , 0410 

1 
i 
. 

i) 

‘ om 

‘ 

“@ 


e “169 


ad 
Bry eee eee Racal er “@: 4 ae. Qe Wp wae 6 64erl6hlCUMMD:lC aw 


Oe rately went “, “ 
RO Sa Rane ane 


RES Ran us a wees! . 
? mM mae 


ee oR, we Ripe Ree ty egeye OU ay SEES TEMES me & rn ror ey 
mitt oe os E “ee 9 A : a Sects RENE Pi cn q eh OS v ata ANS a “a See oan tee US ae \ = Boe Pia te ean aC) : ‘i 
. ; ; ?. . ae 


yt ae 


ee TABLE 67 . 


Stability of Rubbers Stored Alone 


Room Temperature $0°C 76°C 
: Shore Shore Shore 
Material Herdness Condition Hardness Condition Hardness Condition 
VS2-1i let 28D. Flexible 33D Flexible 40D Flexible 
Hycar OR-25 
VS2-111-2 28D Flexible 33D Flexible 35D Flexible 
7 GR-M-10 
VS2-11&1 25D Flenzible 33D Flezible 40D Flexible 
GR-S 
{ . 
; VS29116°2 40D “Flexible 65D Extremely BSD «Rigid 
s Natural Brittle ; 
; 
‘ 
VS2+117+1 $2D $8D Extremely 80D Rigid 
Natural . Brittle \ 
" VS26117-2 42D ——*Pleaible 52D + Flexible 70D Semi. Sift 
: Hycar OR-1$ P ‘ : 
1 ne 
VS2-118+1 28D Flexible 32D Flexible , 70D Rigid 
Neoprene (FR) 
. ; 
; VS2-118-2° -$0A,_—‘ Flexible 715A, Slightly 214, Gummy he 
IM Thiokol (ST) Seift Deterlorated wife 
rs . my 
‘ 1 " 
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TABLE 81 


Compositions cf Elastomers, in Parts by Weight? 


Rubber Composition XP-218 


(R") 


GR-S (XP+142) 
(R) 


Picatinny Arsenal 


Rock Island Arsenal 
No. 542 
(R) 


Rock Island Arsenal 


Rubber Composition No, 325-453 


(R) 
Ohio Rubber Company 


4 


Paracril BJ 
Zinc oxide 
Stearic acid 
Neozone D 
SRF 
Flexol-3GH 
Plasticizer SC 
Thionex 
Sulfur «+ 


. GRS 


Zinc oxide 

Captax 

Thiuram M 

Sulfur 

GRS-5-630 (80/20) 
Zinc oxide 

Stearic acid 

Rosin D 

Captax 

Tetrone A 

Philblack A (HMF) 
Thermax 

Helizone \ 
Flexol Tof 

50 pespliolite and 50 pts 
GileS 100, blended by 
Goodyear Rubber Co, 
GR-S+1505 (Arctic rubber 
EPC Carbon black 
Stearic acid 

Zinc oxide 

No, 2246 age resistor 
Idone No. 638% 
Santocure accelerator 
Sul fur 


*Rerubber; P-plastic; A-adhealve; and S:acalant 


200 


) 


oa 


‘ es har ted 


100,00 
5.00 
2.00 
1,50 

75.00 
7.50 
7250 
0,60 
1,00 

100,00 
5.00 
1.5 
0.2 


2.0 
100.00 


5.00 
3.0 
1,0 
1,0 
2.0 
60.00 
20,00 
2.0 
5.0 


46.24 
24.12 
23.12 
0.46 
231 
0.46 
2.32 
0.58 
1,39 
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Rubber Composition XP-76 


" (R) 


Bi Picatinny Arsenal 


5S Rubber Composition XP-101 
‘ie (R) 
oe Picatinny Arsenal 

«1 

y 


+) Rubber Composition XP-195 
mi (R) 

: Picatinny Arsenal. 

he 

ee 

i 

a 

Ry 

GS 

“me Rubber Composition XR-206 
ha! (R) 

iu Picatinny Arsenal 

. ia 
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TABLE 81 (Continued) 


76.5/23.5 Butadiene/ ' 
styrene copolymer 
83/15 Butadiene/ 
styrene 
Carbon black (High 
abrasion furnace) ‘ 
Tributoxyethy! phosphate 
Stearic acid 
Zine oxide 
Benzothiazy! disulfide 
Tetramethy! thiuram 
Sulfur 

GR-S 

. Stearic avid 
Zinc oxide 
Benzothiazy! disulfide 
Sulfur 

Tributoxyethyl phosphate 
Refined coal tar distillate- 

Bardol-B 

Cumar idene resin 

Tetramethyl thiuram 
disulfide 

HAF carbon black 

GR-S 

Zinc oxide 

Stearic acid 

Altox 

Sulfur 

Pliolite &6 

Thiuram M 

KP-140 

Philblack ''0'’ 

Age Rite resin 

GR-S 

Stearic acid 

Altax 

Zine oxide 

Thiuram M 

Sulfur 
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3 wet TABLE 81 (Continued) 
a 
ze Neozone A 1.00 
#4 Philulack ‘'o'! 40,00: 
; in Fs Thermax 30.00 
Ww Flexol ToF 10,00 
4 Rubber Composition XP-214 GR-S 100.0 
us Picatinny Arsenal Zinc oxide 5.0 
. Stearic acid 15 
“, RC 184 (Durez 13388) 20.0 
ra EPC ’ 20.0 
ad HAF 20.0 
Tuads ; . 0.25 
HMF 20.0 
< Good Rite Resin .50 20,0 
4 Flexol ToF 10.0 
oO 4° Graphite " 10,0 
‘) ; Altax 1.5 
Sulfur 2.0 
x Hulizone 2.0 
a Rubber Composition XP» 217 GR-S 100.0 
Picatinny Arsenal Stearic acid , 1.5 
va 
a Aleax 15 
2 Zinc oxide 5.0 
ag Thiuram M 0.3 
we Sulfur 1.5 
an Neozone A 2.0 
rs Acetylene carbon black 70.0 
Flexol ToF 10,0 
ei Ceraplite (Plumbago) _ 10.0 
“ , Butyl Rubber 5N-259 (32562) GR-l 15 100.0 
ms, Ohio Rubber Company Zinc oxide 5.0 
te Stearic acid , 80 
ms Tuada 1.0 
oe Sulfur 15S 
an MPC 116.0 
. Dioxime No, 1 Butyl rubber 100,0 
S. Debell & Richardson Zinc oxide 5.0 
i EPC black : 54.0 
Na Stearic acid * 1,0 
an Dibenzoy! quinone 
Ny P dioxime 6.0 
§ Red lead 10.0 


een eed 


Dioxime No, 2 
Debell & Richardson 


1 TE 4 Peer 
2 ; 


bal ‘ 
' 
GRI (XP-143) 
: (R) 
- Picatinny Arsenal 


Cure: 166°C for 20 minutes 


Rock Island Arsenal No, I 18FE1 
(R) 


Rock Island Arsenal 


Sulfur No. 1 
DeBel) & Richardson 
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TABLE 81 (Continued) 


Butyl rubber 
Zine oxide 

EPC black 
Stearic acid 
Quinone dioxime 


Benzothiazy! disulfide 


GRIT 


203 


Stearic acid 

Zine oxide 

Sulfur 

Captax 

Thiuram M 

Buty! GR-l 

Zine oxide 

Stearic acid 

Methy! tuads 

Altax — 

Sulfur 

SRF, Gastex 1 

Triocty! phosphate 

Dioctyl sebacate 

Butyl rubber 

Zine oxide 

EPC black 

Sulfur 

Tetramethyl thiuram 
disulfide 

Selenium diethy! 
dithiocarbamate 

Stearic acid 

Butyl cubber 

Zine oxide 

EPC black 

Sulfur 

Tetramethyl thiuram 
disulfide 


Mercapto benzothiazole 


eer Oe 


GR-M-Neopiene (XP-145) 
Picatinny Arsenal 


Cure: 166°C for 15 minutes 
GR-M10 (Neoprene) 
E. i, duPont deNemours 


Rubber Composition XP+202 
Picatiany Arsenal 


Rubber Composition XP+203 
Picatinny Arsenal 


TABLE 81 (Continued) 


GReM 

Stearic acid 
Zinc oxide 
Magnesium oxide 


Neoprene GR-M10 


Lead oxide 
Toluene 
Accelerator 833 


Neoprene WRT 


Theemoflex A 
Stearic acid 
Magnesium oxide 
SAF 

HAF 

NA-22 

Zinc oxide 
Marbon 8000 
Raker PG 
Neoprene W 
Neozone A 
Stearle acid 
Petrolacum 
Magnesia 

Mt carbon black 
Baker PG 

Zinc oxide 
Na-22 


100.0 
1.0 
3.0 
4.0 

100.0 

20.0 

280. 
0.75 

100.0 
2.0 
0,50 
4,00 

50.00 
40,00 
0.55 
5.00 
10,00 
5.00 

100.0 
2.0 
0,50 
1.00 
4.00 

80.00 
12,00 
3.00 
0.50 


tte 


“) Section 12 


VINYL POLYMERS AND COPOLYMERS. 


Informacion regarding the following polymers is included in this section: 
polyvinyl chloride, polyvinyl acetates, polyvinyl alcohol, polyvinyl! acetal, 
polyvinyl butyral, and polyvinyl formal. 


Vinyl polymers in general do not adversely affect the reactivity of ex- 
plosives and propellants. The effect of the explosives and propellants on 
the vinyl polymers cannot be summarized ina single statement, Vinyl] 
polymers. « pecially when plasticized, quite often deteriorate when in 
direct ccarsit with propellants containing a high percentage of nitro- 
glycerine or other plasticizers. Specific examples are given in the tables 
which follow. 
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